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DESCRIPTION 

ADIPONECTIN EXPRESSION INDUCER AND UTILIZATION OF THE SAME 
Technical Field 

The present invention relates to adiponectin expression-inducing agents, and 
particularly relates to pharmaceutical agents that can induce adiponectin expression through 
KLF9, and preventive and/or therapeutic agents for metabolic diseases or heart diseases using 
such agents. Furthermore, the present invention relates to substances that can induce 
adiponectin expression, methods of screening for preventive and/or therapeutic agents for 
metabolic diseases or heart diseases that use such substances, and cells used in the screening 
methods. 

Background Art 

Obesity is defined as an increase in the amount of adipose tissue, and is a high risk 
factor in the development of diabetes, hyperlipidemia, and cardiovascular and metabolic diseases 
such as coronary heart disease (Non-Patent Documents 1 and 2). However, molecular 
mechanisms that can explain the relationship between obesity and these diseases have not been 
elucidated. Adipose tissue itself functions as a tissue that carries out triglyceride (TG) storage 
and free fatty acid (FFA)/glycerol release depending on the changing energy requirements 
(Non-Patent Document 1). Adipose tissue is an important endocrine organ that secretes a large 
number of biologically active substances called "adipokines" such as FFA (Non-Patent 
Document 3), adipsin (Non-Patent Document 4), tumor necrosis factor a (Non-Patent Document 
5), Ieptin (Non-Patent Document 6), plasminogen activator inhibitor 1 (Non-Patent Document7), 
and resistin (Non-Patent Document 8), and controls energy homeostasis in various ways. 

Adiponectin or Acrp30 (Non-Patent Document 9 to 12) is an adipose tissue-derived 
hormone that has several biological functions. The level of plasma adiponectin is decreased in 
obesity and in insulin-resistance and type II diabetes (Non-Patent Document 13). Experiments 
using mice have confirmed that administration of adiponectin decreases the blood glucose level 
and improves insulin resistance (Non-Patent Documents 14 to 16). On the other hand, there are 
reports that when adiponectin is knocked out in mice, insulin resistance and morbid conditions of 
diabetes are observed (Non-Patent Documents 17 and 18). 

The insulin sensitivity-inducing activity of adiponectin is presumed to be induced by 
increase in fatty acid oxidation through PPARa activation (Non-Patent Documents 19 and 20), 
or acutely via AMP kinase (Non-Patent Documents 21 and 22). In endothelial cells (human 
aortic endothelial cells: HAEC) and macrophages, adiponectin may have antiatherogenic 
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properties which are similar to anti-inflammatory effects (Non-Patent Documents 23 and 24). It 
was shown that when adiponectin is highly expressed in apoE knockout mice, the expression of 
molecules related to inflammation decreases, and along with this, atherosclerosis is improved 
(Non-Patent Documents 19 and 25). Neointimal formation was increased in adiponectin 
5 knockout mice (Non-Patent Documents 1 7 and 26). 

Recently, the cloning of cDNAs encoding adiponectin receptor (AdipoR) 1 and 2 was 
reported (Non-Patent Document 27 and Patent Document 1). AdipoRl is expressed abundantly 
in skeletal muscle, whereas AdipoR2 is expressed mainly in the liver. AdipoRl and R2 
comprise seven transmembrane domains (Non-Patent Document 27), but they are presumed to be 

10 distinguishable from G protein-coupled receptors, both structurally and functionally (Non-Patent 
Documents 28 to 30). AdipoRl and R2 function as receptors for globular and full-length 
adiponectin, and induce AMPK activation (Non-Patent Documents 21 and 22), PPARot ligand 
activation (Non-Patent Documents 19 and 20), and increased fatty acid oxidation and glucose 
uptake due to adiponectin (Non-Patent Document 27). 
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15 Disclosure of the Invention 

Decrease in adiponectin production observed in obesity may be a determining factor of 
the onset of obesity-related diseases such as insulin resistance, diabetes, and cardiovascular 
diseases. However, the underlying molecular determinants have not yet been elucidated. 
Therefore, an objective of the present invention is first, to elucidate the functional mechanism of 

20 adipocyte hypertrophy-dependent suppression of adiponectin production; second, to identify 
factors that can increase the expression of adiponectin gene; third, to provide adiponectin 
expression-inducing agents, and therapeutic agents using these agents for obesity and 
obesity-related diseases such as cardiovascular diseases and metabolic diseases; and fourth, to 
provide methods for searching adiponectin expression-inducing agents. 

25 As described above, adiponectin/Acrp30 is a hormone secreted by adipocytes, and 

functions as an antidiabetic and antiatherogenic adipokine. Transcription of 
adiponectin/Acrp30 is decreased in obese adipose tissue, and this decrease is involved in the 
development of insulin resistance in obesity. To elucidate the mechanism responsible for 
transcriptional regulation of the adiponectin gene, the present inventors produced a hypertrophic 

30 adipocyte model for identifying the position of the adiponectin gene promoter region. Using 
this cell model, promoter activity of a region comprising -1367 base pair (bp) to +35 bp of the 
promoter equipped with a luciferase gene as a reporter gene was examined. High-level 
luciferase activity was detected in adipocytes that had been introduced with a plasmid 
comprising only 156 bp of the adiponectin promoter. On the other hand, in hypertrophic 

35 adipocytes, only the reporter gene equipped with 217 bp of the upstream regulatory region of the 
adiponectin gene showed suppression of the expression. 



Electrophoretic mobility shift assay (EMS A) showed that a 32-bp fragment of position 
-188 to position -157 from the transcription start site of the adiponectin gene binds to proteins in 
nuclear extracts prepared separately from adipocytes and adipose tissue. Substances that 
decrease the electrophoretic mobility of the 32-bp element were found mostly in the nuclear 
5 extracts prepared from small adipocytes, as compared with those prepared from large adipocytes. 
Similarly, more of such substances were found in the nuclear extracts prepared from adipose 
tissues of lean mice than those from obese mice. A nuclear factor that binds to the 32-bp 
fragment was identified using the yeast one-hybrid screening method. Six positive factors 
obtained from the one-hybrid screening were further analyzed by EMSA and chromosome 

10 immunoprecipitation assay, and Kruppel-like factor 9 (hereinafter abbreviated as "KLF9") was 
identified. KLF9 binds to the above-mentioned element, and the binding level correlates with 
the in vitro and in vivo KLF9 expression levels. In addition, cotransfection experiments showed 
that transient overexpression of KLF9 enhances adiponectin promoter activity specifically and 
dose-dependently. In vitro suppression of KLF9 expression by siRNA and KLF9 

1 5 overexpression as well as in vivo KLF9 knockout cause changes in the endogenous adiponectin 
mRNA level. This confirmed that transcriptional regulation of adiponectin is carried out by 
KLF9. These results suggest that if supplemented to swollen hypertrophic adipocytes, KLF9 
can be used as a preventive and/or therapeutic agent for obesity or obesity-related diseases such 
as metabolic diseases including insulin resistance and type II diabetes, and cardiovascular 

20 diseases. These results also indicate that KLF9 is important as a target for drug discovery 
against the above-mentioned diseases. The present invention is based on these findings and 
specifically relates to: 

[1] an adiponectin expression-inducing agent, which comprises the protein of (1) or (2): 
(1) a protein comprising the amino acid sequence of SEQ ID NO: 2, or 
25 (2) a protein comprising an amino acid sequence with one or more amino acid deletions, 

substitutions, additions, or insertions in the amino acid sequence of SEQ ID NO: 2; 

[2] an adiponectin expression-inducing agent, which comprises the DNA of (1) or (2), or 
a vector carrying said DNA: 

(1) a DNA comprising the nucleotide sequence of SEQ ID NO: 1, or 
30 (2) a DNA that hybridizes under stringent conditions with the nucleotide sequence of SEQ ID 
NO: 1; 

[3] a preventive or therapeutic pharmaceutical composition for a metabolic disease or 
heart disease, wherein the composition comprises the adiponectin expression-inducing agent of 
[1] or [2] as an active ingredient; 
35 [4] a cell for screening for an adiponectin expression-inducing substance, wherein the 

cell carries a reporter gene that is quipped with at least an enhancer element comprising: 



(1) a DNA comprising the nucleotide sequence of SEQ ID NO: 5, or 

(2) a DNA comprising a nucleotide sequence with one or more nucleotide deletions, 
additions, substitutions, or insertions in the nucleotide sequence of SEQ ID NO: 5; 

[5] the cell of [4], which further carries a KLF9-encoding DNA; 

[6] the cell of [4] or [5], which is an adipocyte; 

[7] the cell of [4] or [5], which is a hypertrophic adipocyte; 

[8] a method of screening for an adiponectin expression-inducing substance, wherein 
the method comprises the steps of: 

(1) reacting the cell of [4] with a test substance, 

(2) detecting expression of a reporter gene, and 

(3) selecting a test substance that yields a higher reporter gene expression in the cell 
reacted with the test substance than in the cell that has not reacted with the test substance; 

[9] a method of screening for a substance that can induce adiponectin expression, 
wherein the method comprises the steps of: 

(1) reacting the cell of [5] with a test substance, 

(2) detecting expression of a reporter gene, and 

(3) selecting a test substance that yields a higher reporter gene expression in the cell 
treated with the test substance than in the cell that has not reacted with the test substance; 

[10] a method of screening for a preventive or therapeutic pharmaceutical agent for 
obesity or an obesity-related disease, wherein the method comprises the steps of: 

(1) reacting the cell of [4] with a test substance, 

(2) detecting expression of a reporter gene, and 

(3) selecting a test substance that yields a higher reporter gene expression in the cell 
reacted with the test substance than in the cell that has not reacted with the test substance; and 

[11] a method of screening for a preventive or therapeutic pharmaceutical agent for 
obesity or an obesity-related disease, wherein the method comprises the steps of: 

(1) reacting the cell of [5] with a test substance, 

(2) detecting expression of a reporter gene, and 

(3) selecting a test substance that yields a higher reporter gene expression in the cell 
reacted with the test substance than in the cell that has not reacted with the test substance. 

Brief Description of the Drawings 

Fig. 1 shows graphs indicating the (a) triglyceride (TG) content, (b) glucose uptake, and 
(c) mRNA levels of adiponectin and resistin in 3T3L1 cells during adipocyte differentiation and 
hypertrophy. The mRNA levels of adiponectin and resistin (c) in 3T3L1 adipocytes during 
adipocyte differentiation and hypertrophy were measured by TaqMan real-time reverse 



transcription-PCR assay. The resulting expression levels of adiponectin or resistin are indicated 
as relative values normalized using the 36B4 mRNA level as a standard. Each data is an 
average obtained from a series of three independent experiments. Adipocyte hypertrophy 
reduces the adiponectin mRNA level in 3T3L1 adipocytes, which is accompanied by a decrease 
in glucose uptake. 

Fig. 2 shows results of measuring the adiponectin promoter activity in 3T3L1 cells 
during adipocyte differentiation and hypertrophy. Each of the graphs shows results of 
determining: (a) adiponectin promoter activity in 3T3L1 cells during adipocyte differentiation 
and hypertrophy; (b) adiponectin promoter activity in 3T3L1 cells incubated with the indicated 
concentrations of TNFa 10 days after the induction of differentiation; and (c) adiponectin 
promoter activity in TNFa (3 ng/mL)-treated or untreated 3T3L1 cells incubated with an 
anti-TNFa antibody 10 or 19 days after induction of differentiation. The (-1367/+35) of the 
adiponectin promoter-luciferase gene (Luc) expression vector was transiently transfected into 
3T3L1 cells. The results in (b) are shown as relative values taking the activity without 
TNF-a addition as 100%. Each of the bars in (b) shows the mean ± SE (n = 5 to 7) (*: P < 0.05, 
**: P < 0.01 ; relative to untreated cells). The adiponectin promoter activity in hypertrophic 
adipocytes is decreased because of the existence of non-TNFa signal transduction pathways. 

Fig. 3 shows results of analyzing the adiponectin promoter region, (a) Graphs 
indicating results of examining the reporter (luciferase) activity when a reporter gene equipped 
with a 5' -deleted adiponectin promoter was incorporated into a vector and this vector was 
transiently introduced into 3T3L1 adipocytes 10 or 19 days after induction (day 10 or day 19, 
respectively), (b) A photograph showing the results of subjecting nuclear protein extracts 
prepared from 3T3L1 adipocytes (day 10 or day 19) to EMS A analysis, by using the 5 '-deleted 
adiponectin promoter sequences shown in the figure as 32 P-labeled probes. The data shown are 
representative results of a series of three independent experiments, (c) Photographs showing 
the results of preparing nuclear protein extracts from 3T3L1 adipocytes (day 10 or day 19), or 
white adipose tissue (WAT) from lean control mice C57 or from obese mouse .model ob/ob mice, 
and subjecting them to EMS A analysis using the adiponectin promoter (-18 8/- 157) sequence as a 
32 P-labeled probe, (d) Graphs showing results of assaying the luciferase activity when the 
-188/-157 fragment was inserted upstream of an enhancer-free pGL2-tK-Luc vector, and this 
vector was introduced into 3T3L1 adipocytes (day 10 and day 19). The results in (d) are shown 
as ratios relative to the control vector values. The bars show the mean ± SE of three 
independent experiments. The data of panels b and c show representative results obtained from 
a series of three independent experiments. In hypertrophic adipocytes, the adiponectin 
promoter is regulated through a proximal 32-bp promoter element. 

Fig. 4 presents photographs showing the results of analyzing factors that bind to the 
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adiponectin promoter region in the nuclear extract of 3T3L1 adipocytes (day 10). Panels a to d, 
and f show results of the EMSA analysis. The photographs show (a) results of an EMSA 
analysis when the nuclear extracts from 3T3L1 adipocytes (day 10) or 293T cells, and 
radiolabeled NF-kB consensus sequence (p65 site) were incubated in the presence or absence of 
5 an antibody that specifically recognizes KLF9 or NF-icBp65; (b) (right panel) results of 

incubating the nuclear extract of 3T3L1 adipocytes (two lanes on the left: day 10, two lanes on 
the right: day 19) with a labeled 32-bp oligonucleotide probe of the adiponectin promoter region 
(-188/-157) in the presence or absence of an anti-KLF3 antibody, (left panel) results of an EMSA 
analysis when the nuclear extract from 293T cells and KLF oligo (KLF consensus sequence) 

10 were incubated in the presence or absence of an anti-KLF3 antibody; (c) results of reacting the 
nuclear extract from 3T3L1 adipocytes (day 10) with the KLF9 consensus sequence (BTE) in the 
presence or absence of an anti-KLF9 antibody; (d) results of reacting WAT from lean control 
mice C57BL6 (B6) or from obese mouse model ob/ob mice, with the 32-bp fragment and an 
anti-KLF9 antibody; and (f) results of incubating with the 32-bp fragment, purified FLAG-tag 

1 5 KLF9, or WAT from B6 or from obese mouse model ob/ob mice. The arrows in the figures 

indicate a supershifted specific complex, (e) A photograph showing results of the chromosome 
immunoprecipitation assay with KLF9 bound to an endogenous adiponectin promoter in 3T3L1 
adipocytes (day 10). The data shows representative results obtained from a series of three 
independent experiments. EMSA analyses showed that the 32-bp binding complex contains 

20 KLF9 in vitro and in vivo. 

Fig. 5 presents photographs and diagrams showing results of analyzing the expression 
levels of KLF3 and KLF9 in adipocytes, (a and b) Photographs of Northern blots that analyze 
the expression levels of KLF3 mRNA (a, top) or KLF9 mRNA (a, lower) in 3T3L1 adipocytes, 
in which an indicated number of days had passed since differentiation is induced, and in WAT 

25 obtained from lean control mice C57BL6 or from obese mouse model ob/ob mice (a to c); graphs 
that quantify the band intensity; and a photograph showing results of analyzing the expression 
level of mKLF9 protein (b) by Western blotting. The arrow in (b) indicates KLF9. Each of 
the bars in the graphs shown in (a) represents the mean ± SE (n = 3 to 5). KLF9 expression 
increased during adipocyte differentiation, but decreased during adipocyte hypertrophy. 

30 Fig. 6 presents diagrams and a photograph showing results of analyzing the effect of 

KLF9 overexpression on adiponectin expression, (a) Results of introducing into 3T3L1 
adipocytes (day 19) a vector expressing KLF (KLF9/pcDNA3 . 1 ) and a vector ("1367bp-Luc") 
equipped with a reporter (luciferase) gene downstream of the adiponectin promoter 
("-1367/+35"), and analyzing the effect of KLF9 overexpression. The results are shown as 

3 5 relative activities taking "Mock" (only pcDNA3 . 1 ) as 1 . PDGF is a positive control that is 

equipped with a KLF recognition sequence and induces the KLF family expression, (b) Results 
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of measuring the expression level of KLF9 mRNA in 3T3L1 adipocytes (day 19) by Taq-man 
PCR, when the cells were introduced with KLF9/pcDNA3 . 1 by lipofection. 1/3000 and 1/1000 
indicate the dilution ratios when vector introduction was performed by lipofection, and "0" 
indicates no introduction, (c) The rate of increase in the reporter gene expression, when 3T3L1 
5 adipocytes (day 1 9) carrying PDGF-tk-luc or 32 bp-tk-luc as a reporter are introduced with 

mKLF5/pcDNA3.1 or mKLF9/pcDNA3.1, is indicated as an activity relative to the case without 
introduction, (d) Results of measuring the expression level of KLF9 when the KLF9 gene is 
stably introduced into 3T3L1 adipocytes (day 19) using retroviral vectors. The vertical axis 
"mKLF9/36B4" refers to KLF9 mRNA expression ratio corrected using the 36B4 mRNA 

1 0 expression level, (f) Results of measuring the expression level of adiponectin when the KLF9 
gene was stably introduced into 3T3L1 adipocytes (day 19) using retroviral vectors, (e) A 
photograph showing the result of preparing a nuclear protein extract from 3T3L1 adipocytes (day 
19) introduced with KLF9 using a retrovirus, and subjecting it to EMSA analysis using the 
adiponectin promoter (-1 88/-157) sequence as a 32 P-labeled probe. Each of the bars in the 

1 5 figure shows mean ± SE (n = 5 to 7). KLF9 increased activities of the enhancer and 

adiponectin promoter, amount of the 32-bp binding protein, and expression of adiponectin. 

Fig. 7 presents a photograph and a diagram showing results of analyzing the effect of 
KLF9 knockdown by siRNA on adiponectin expression, (a) KLF3, KLF9, and adiponectin 
mRNA levels 72 hours and 96 hours after introducing a KLF9 siRNA into 3T3L1 adipocytes 

20 (day 1 0). Each of the results was shown as a relative ratio by making the activity without 

siRNA introduction as 1 00%. (b) A photograph showing results of preparing a nuclear protein 
extract from cells 72 hours or 96 hours after introducing siRNA into 3T3L1 adipocytes (day 10), 
and subjecting this to EMSA analysis using the adiponectin promoter (-188/- 15 7) sequence as a 
32 P-labeled probe. Suppression of KLF9 expression by siRNA decreased the amount of the 

25 32-bp binding protein and adiponectin expression in vitro. 

Fig. 8 is a photograph showing results of preparing a nuclear protein extract from WAT 
of KLF9 knockout mice or control wildtype littermates and then performing EMS A analysis 
using the KLF9 consensus sequence (BTE) or the adiponectin promoter (-188/- 157) sequence as 
a 32 P-labeled probe. KLF9 knockout eliminated the 32-bp binding protein, in addition to the 

30 KLF9 protein. 

Fig. 9 shows the mechanism by which adipocyte hypertrophy regulates KLF9 
expression in adipocytes, (a) The mRNA expression level of thyroid hormone receptor 
a (TRa) in 3T3L1 adipocytes (day 10 or day 17). (b) TRa mRNA expression levels in lean 
C57BL mice and obese ob/ob mice, (c) KLF9 mRNA expression levels after T3 treatment at 

35 concentrations indicatedln the figure are shown as ratios relative to the 36B4 mRNA expression 
level, (d and e) The mRNA expression levels of KLF9 or adiponectin in 3T3L1 adipocytes 
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(days 6 and 13), and in 3T3L1 adipocytes (day 19) treated with N-acetyl cysteine (NAC) (20 
mM) which is an antioxidant, SP 600 1 25 which is a JNK inhibitor, or NAC(SP). In the figure, 
NAC(SP) refers to the group treated with NAC and SP600125. 

Fig. 10 shows oxidative stress increases along with adipocyte hypertrophy. 
5 Fig. 1 1 shows anti-oxidative activity decreases along with adipocyte hypertrophy. 

Each of the bars shows mean ± SE (n = 6) (**: P < 0.01; relative to untreated cells). 

Best Mode for Carrying Out the Invention 

Hereinafter, the present invention will be described with reference to embodiments. 

10 First, the present invention provides adiponectin expression-inducing agents. The present 

inventors discovered that KLF9 induces the expression of adiponectin. More specifically, the 
adiponectin expression-inducing agents of the present invention comprise as a constituent, the 
KLF9 protein, or a DNA that can express KLF9, or such. 

KLF9 is one of the proteins that belong to a superfamily called "Kruppel-like zinc 

15 finger protein". A specific example of an amino acid sequence of KLF9 is shown in SEQ ID 
NO: 2, but KLF9 of the present invention is not limited thereto. Among these proteins, there 
are heterologous homologs and mutants that comprise similar sequences and have the same 
function. In addition, by making appropriate artificial modifications to the amino acid sequence 
of SEQ ID NO: 2, mutants having the same function may be obtained. Therefore, KLF9 of the 

20 present invention also encompasses proteins that comprise an amino acid sequence with one or 
more amino acid deletions, substitutions, or additions in the amino acid sequence of SEQ ID NO: 
2, and have the adiponectin gene-inducing activity. 

KLF9 can be obtained from cells and tissues of humans, mice, and such. For example, 
even small adipocytes highly express KLF9; therefore, adipocytes and adipose tissues in which 

25 differentiation has not progressed can be used as materials for isolating KLF9. KLF9 can also 
be obtained by simply linking the DNA of SEQ ID NO: 1 to an expression vector, and expressing 
it in a cell-based system or cell-free system. 

Meanwhile, artificial amino acid substitution is an example of a method for obtaining a 
functionally equivalent protein of KLF9 comprising the amino acid sequence of SEQ ID NO: 2. 

30 Substitution between amino acids with similar properties is likely to maintain protein activity. 
Amino acid groups that are suitable for conservative substitution include basic amino acids (for 
example, lysine, arginine, and histidine), acidic amino acids (for example, aspartic acid and 
glutamic acid), uncharged polar amino acids (for example, glycine, asparagine, glutamine, serine, 
threonine, tyrosine, and cysteine), non-polar amino acids (for example, alanine, valine, leucine, 

35 isoleucine, proline, phenylalanine, methionine, and tryptophan), P-branched amino acids (for 
example, threonine, valine, and isoleucine), and aromatic amino acids (for example, tyrosine, 
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phenylalanine, tryptophan, and histidine). On the other hand, nonconservative substitution of 
amino acid sequences may also be effective in certain cases. For example, nonconservative 
substitution can add modifications such as those that increase the adiponetin expression-inducing 
activity of the KLF9 protein. Such modified KLF9 proteins are also comprised in the present 
5 invention. 

Another example of a method for obtaining proteins that are functionally equivalent to 
KLF9 is a method of cloning DNAs that are similar to the DNA of SEQ ID NO: 2 by 
hybridization, and obtaining proteins from these DNAs. More specifically, a KLF9-encoding 
DNA shown in SEQ ID NO: 1 or a fragment thereof is used as a probe for isolating DNAs that 

1 0 hybridize to the probe. DNAs with a highly homologous nucleotide sequence are selected by 
performing hybridization under stringent conditions, and as a result, functionally equivalent 
proteins of KLF9 are very likely to be isolated. Highly homologous nucleotide sequences 
demonstrate, for example, an identity of 70% or more, and preferably 90% or more. 

The above-mentioned "stringent conditions" refers to conditions such as hybridization 

15 in 6x SSC and 40% formamide at 25°C, and washing in lx SSC at 55°C. Stringency is 

influenced by conditions such as salt concentration, formamide concentration, or temperature; 
however, it is obvious that those skilled in the art can set these conditions to achieve the required 
stringency. 

Mouse-derived KLF9 such as that comprising the amino acid sequence of SEQ ID NO: 

20 2, and KLF9 homologs encoded by polynucleotides that can be obtained by using hybridization 
from animal species other than mice, that is, humans, rats, rabbits, pigs, and goats may constitute 
functionally equivalent proteins. 

In addition to the above-mentioned methods, examples of methods for obtaining 
proteins that are functionally equivalent to KLF9 include methods that modify the DNA of SEQ 

25 ID NO: 1 and then synthesize proteins based on the modified DNAs. Proteins obtained by 
artificially modifying mouse KLF9 (SEQ ID NO: 2), and proteins encoded by polynucleotides 
isolated using the above-mentioned hybridization techniques and such are usually highly 
homologous to human KLF9 (SEQ ID NO: 2) at the amino acid level. "Highly homologous" 
refers to sequence identity of at least 30% or more, preferably 50% or more, and more preferably 

30 80% or more (for example, 95% or more). Nucleotide sequence identity and amino acid 
sequence identity can be determined using Internet homology search websites [homology 
searches, such as FASTA, BLAST, PSI-BLAST, and S SEARCH can be used through the DNA 
Data Bank of Japan (DDBJ) [for example, the homology search (Search and Analysis) page on 
DDB J website; http://www.ddbj .nig.ac.jp/E-mail/homology-j .html] . BLAST searches can be 

35 performed with National Center for Biotechnology Information (NCBI) (for example, the 

BLAST page on the NCBI website; http://www.ncbi.nlm.nih.gov/BLAST/; Altschul, S.F. et al, J. 
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Mol. Biol., 1990, 215(3):403-10; Altschul, S.F. & Gish, W., Meth. EnzymoL, 1996, 266: 
460-480; Altschul, S.F. et al, Nucleic Acids Res., 1997, 25:3389-3402)]. 

Whether a functionally equivalent protein of KLF9 indeed has a function equivalent to 
that of KLF9 of SEQ ID NO: 2, or more specifically, adiponectin expression-inducing activity, 
5 can be confirmed by luciferase analysis described in the Examples herein. 

Another component of the adiponectin expression-inducing agents of the present 
invention is a KLF9-encoding DNA or a vector carrying such DNA. An example of a 
KLF9-encoding DNA is a DNA comprising the nucleotide sequence of SEQ ID NO: 1 . As in 
proteins, homologs and modified forms that have identical functions and comprise similar 
10 nucleotide sequences also exist in DNAs, and they can be obtained by artificially modifying the 
nucleotide sequence of SEQ ID NO: 1 , or by cloning mutants having identical functions. Such 
DNAs comprising a sequence similar to that of SEQ ID NO: 1 can be defined, for example, as 
DNAs that hybridize under stringent conditions with the nucleotide sequence of SEQ ID NO: 1 . 

As described above, "DNAs that hybridize under stringent conditions" are DNAs that 
1 5 can hybridize with a DNA encoding KLF9 of SEQ ID NO : 1 by using the DNA or a fragment 
thereof as a probe. An example of the stringent conditions is conditions such as hybridization 
in 6x SSC and 40% formamide at 25°C, and washing in lx SSC at 55°C, as described above, but 
they are not limited thereto. 

KLF9-encoding DNAs may be used in the form of fragments, or in the form of vectors 
20 carrying them. The vectors are appropriately selected depending on the purpose. For example, 
when the objective is to induce expression of the adiponectin gene in human cells and tissues, 
vectors that can function in mammalian cells such as human cells, for example, retroviral vectors, 
adenoviral vectors, adeno-associated virus vectors, lentiviral vectors, pcDNAI, and 
pcDNAI/Amp (Invitrogen), are available. 
25 The adiponectin expression-inducing agents of the present invention can be used for: (1) 

inducing expression of an endogenous or exogenous adiponectin gene in laboratory animals, (2) 
inducing expression of an endogenous or exogenous adiponectin gene in cultured cells, (3) . 
inducing expression of an adiponectin gene in cell-free systems, and such. 

In the cases of (1) and (2), adiponectin expression-inducing agents, which comprise a 
30 KLF9-encoding DNA carried by a vector as a component, are preferably used. Gene transfer 
into cells, tissues, and such can be carried out by administering viral vectors or by using 
conventional gene transfer techniques (electroporation, lipofection, calcium phosphate 
precipitation, and such). In the case of (3), the adiponectin expression-inducing agents may 
comprise either a vector carrying the DNA or the KLF9 protein as a component. 
35 Since the adiponectin expression-inducing agents of the present invention can induce 

expression of adiponectin in laboratory animals, cultured cells, and also cell-free systems, they 
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will become effective pharmaceutical agents for functional analysis of adiponectin. 
Adiponectin is an important factor involved in obesity or obesity-related diseases including 
metabolic diseases such as diabetes, and cardiovascular diseases such as arteriosclerosis. 
Therefore, the instant pharmaceutical agents should contribute greatly to studies of such 
5 diseases. 

Secondly, the present invention relates to preventive and/or therapeutic pharmaceutical 
compositions for obesity or obesity-related diseases, in which the compositions comprise the 
adiponectin expression-inducing agents as an active ingredient. As described above, 
adiponectin is an important factor involved in obesity or obesity-related diseases including 
1 0 metabolic diseases such as type II diabetes and insulin resistance, and cardiovascular diseases 
such as arteriosclerosis. In many of these diseases, hypoadiponectinemia is observed. 
Therefore, by using the adiponectin expression-inducing agents as an active ingredient and 
appropriately mixing it with a pharmaceutically acceptable carrier, the resulting compositions 
can be applied as a pharmaceutical composition for treating obesity or obesity-related diseases. 
1 5 Diseases targeted by the pharmaceutical compositions of the present invention are 

obesity or obesity-related diseases such as metabolic diseases and heart diseases. More 
specifically, they are metabolic diseases such as insulin resistance, diabetes, and hyperlipidemia, 
and cardiovascular diseases such as arteriosclerosis, hypertension, and fatty liver. Even more 
specifically, among these diseases, the pharmaceutical compositions of the present invention are 
20 effective especially in cases accompanied by hypoadiponectinemia, or cases that may cause 
hypoadiponectinemia. Prevention, treatment, alleviation of pathology, and such of the 
above-mentioned diseases can be achieved by using an adiponectin expression-inducing agent 
comprised in the pharmaceutical compositions of the present invention to improve 
hypoadiponectinemia which causes these diseases or develops along with these diseases. 
25 The adiponectin expression-inducing agents are as described above. 

"Pharmaceutically acceptable carriers" refers to excipients, diluents, expanders, disintegrators, 
stabilizers, preservatives, buffers, or other additives. Oral or parenteral formulations can be 
prepared using one or more of such carriers. The dosage of the pharmaceutical compositions of 
the present invention can be appropriately adjusted according to the target diseases and 
30 pathologies, and in general, they are usually 1 ug to 20 g per kg weight, and more generally 10 
ug to 500 mg per kg weight. In the case of injections, the dosage is roughly one tenth to one 
hundredth of the oral dosage. 

Thirdly, the present invention provides cells to be used in screening for adiponectin 
expression-inducing agents. The present inventors have identified an element to which KLF9 
3 5 binds in the regulatory region of an adiponectin gene. Expression of adiponectin is enhanced 
when KLF9 binds to this element. Therefore, by searching substances having activities similar 
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to that of KLF9, one can screen for adiponectin expression-inducing factors that can replace 
KLF9. These factors may be proteins like KLF9, but they are preferably low molecular weight 
compounds. If they are low molecular weight compounds, they are very likely to be used as 
lead compounds for drug discovery without modification. 
5 The first embodiment of the cells of the present invention is cells carrying a reporter 

gene that is equipped with an element (hereinafter referred to as "KLF9-binding element") to 
which KLF9 can bind at least in the upstream region. More specifically, in the cells of the first 
embodiment, a KLF9-binding element, which is an enhancer element (cis factor) that promotes 
the KLF-9 mediated adiponectin gene expression, is located upstream of the reporter gene. 
10 An example of a KLF9-binding element is preferably the nucleotide sequence of SEQ 

ID NO: 5, which corresponds to positions -188 to -157 in the upstream of the adiponectin gene. 
However, a KLF9-binding element is not limited to this sequence, and it includes the full length 
of the regulatory region of an adiponectin gene (SEQ ID NO: 3) comprising the nucleotide 
sequence of SEQ ID NO: 5, or a part thereof (for example, SEQ ID NO: 4), which is located 
1 5 upstream of the reporter gene. Furthermore, the nucleotide sequence of SEQ ID NO: 5 may be 
modified as long as the modified sequence is a sequence to which KLF9 can bind and which 
maintains the activity of inducing KLF9-mediated adiponectin gene expression. More 
specifically, a modified sequence of the nucleotide sequence of SEQ ID NO: 5 can be defined as 
a nucleotide sequence with one or more nucleotide deletions, additions, substitutions, or 
insertions in the nucleotide sequence of SEQ ID NO: 5. Such modifications of the nucleotide 
sequence of SEQ ID NO: 5 can be performed using point mutation techniques. 

Reporter genes are not particularly limited so long as they are genes whose expression 
can be confirmed, and this term will be used herein in a broader sense than its ordinary usage. 
More specifically, "reporter genes" as used herein includes the adiponectin gene itself in addition 
to the conventional reporter genes (marker genes) such as genes whose expression can be 
detected using luminescence as an index (for example, luciferase gene, GFP gene, and YFP gene), 
genes whose expression can be detected using enzyme activity as an index (for example, 
p-galactosidase gene), and genes whose expression can be detected using agent sensitivity as an 
index (for example, neomycin-resistance gene and hygromycin-resistance gene). Herein, unless 
otherwise stated, the term "reporter gene" is understood in a broad sense. 

More specifically, an adiponectin gene equipped with an intrinsic regulatory region (for 
example, SEQ ID NO: 3), such as SEQ ID NO: 6, can be used as a "reporter gene equipped with 
a KLF9-binding element in the upstream region". The adiponectin gene in this construct may 
be substituted with a conventional reporter gene such as those described above. Furthermore, 
in such constructs, parts other than the KLF9-binding element of the regulatory region may be 
deleted so that only the KLF9-binding element (for example SEQ ID NO: 5) remains. Such 
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constructs can also be made based on a plasmid carrying a conventional reporter gene, by 
replacing the upstream sequence of the reporter gene with the regulatory region of the 
adiponectin gene, or by inserting a KLF9-binding element in the upstream of the conventional 
reporter gene. When using the adiponectin gene as a reporter gene, the adiponectin gene may 
5 be a cellular endogenous gene or an exogenously introduced gene. 

The second embodiment of the cells of the present invention is cells of the first 
embodiment carrying a KLF9-encoding DNA additionally. The cells of the second embodiment, 
which are cells of the first embodiment additionally carrying the KLF9 gene, are useful in 
screening for substances that can induce expression of the adiponectin gene through induction of 
1 0 KLF9 gene expression. The present inventors have discovered that decrease in the KLF9 gene 
expression, particularly at the transcriptional level, is correlated with a decrease in the 
adiponectin expression during adipocyte hypertrophy. Therefore, in addition to the utility of the 
cells of the first embodiment, cells of the second embodiment are useful in searching for 
substances that inhibit substances which suppress the KLF9 gene expression in large or 
15 hypertrophic adipocytes. 

"AKLF9-encoding DNA" is the same as the KLF9-encoding DNA mentioned above in 
the description of adiponectin expression-inducing agents, and the scope of the meaning of this 
phrase is also the same. Specifically, an example of a KLF9-encoding DNA is a DNA 
comprising the nucleotide sequence of SEQ ID NO: 1 . Additional examples include DNAs that 
20 hybridize under stringent conditions with the nucleotide sequence of SEQ ID NO: 1 , so long as 
the adiponectin expression-inducing activity is maintained. KLF9-encoding DNAs may be 
endogenous DNAs in the cells or exogenously introduced cells. Such KLF9-encoding DNAs 
are preferably equipped with an intrinsic regulatory region of the KLF9 gene in their upstream 
region. 

25 Cell types in the first and second embodiments are not particularly limited, but are 

preferably, for example, those derived from mammalian cells, and cell types that usually express 
adiponectin in vivo are even more preferable. An example of cells that express adiponectin in 
vivo is adipocytes. When using adipocytes, small adipocytes and swollen hypertrophic 
adipocytes can be appropriately selected and used. For example, when searching for substances 

30 that inhibit biological molecules which suppress the KLF9 expression in the cells of the second 
embodiment, swollen adipocytes showing decreased expression of adiponectin can be used. 
Large adipocytes can be prepared by isolating adipocytes from ob/ob mice, or by using 
adipocytes in which differentiation has not progressed (such as 3T3L1 adipocytes) as a starting 
material and then referring to the Examples to carry out induction of differentiation. Induction 
35 of adipocyte differentiation can be performed by culturing cells in a differentiation-inducing 
medium. 
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When the "reporter gene quipped with a KLF9-binding element in the upstream region" 
in the cells of the first or second embodiment, or the "KLF9-encoding gene" in the cells of the 
second embodiment is exogenously introduced into cells, such DNA may be carried on a vector 
or such and then introduced into cells. In such cases, a vector can be appropriately selected and 
5 used. 

Fourthly, the present invention relates to methods of screening for substances that can 
induce the expression of adiponectin. The screening method of the first embodiment is a 
method that uses the cells of the first embodiment. More specifically, the method comprises the 
steps of: 

10 (1) reacting the cells of the first embodiment with a test substance; 

(2) detecting expression of the reporter gene; and 

(3) selecting a test substance that yields a higher reporter gene expression in cells reacted with 
the test substance than in cells that have not reacted with the test substance. 

The screening method of the second embodiment is a method that uses the cells of the 
15 second embodiment, and specifically comprises the steps of: 

(1) reacting the cells of the second embodiment with a test substance; 

(2) detecting expression of the reporter gene; and 

(3) selecting a test substance that yields a higher reporter gene expression in cells reacted with 
the test substance than in cells that have not reacted with the test substance. 

20 Both embodiments have a common aspect in that the substances of interest which can 

induce expression of the adiponectin gene can be searched, but each has characteristics 
depending on the functions of the cells to be used. For example, in the first embodiment, cells 
that carry a reporter gene quipped with a KLF9 binding element are used, thereby enabling the 
screening of substances that can induce the adiponectin expression by acting on the 
25 KLF9-binding element instead of on KLF9. In the second embodiment, cells that additionally 
carry a KLF9-encoding DNA are used, thereby enabling the screening of substances that inhibit 
the suppression of KLF9 expression in hypertrophic adipocytes. 

Examples of test substances in the first and' second embodiments are not particularly 
limited and include proteins, nucleic acids, and low molecular weight compounds. In addition, 
30 they may be natural or synthetic. Nucleic acids can include nucleic acid (DNA and RNA) 

decoys that mimic the whole or a portion of a KLF9 protein. In addition to naturally occurring 
nucleotides, nucleic acids may also include those synthesized using artificial nucleotides which 
do not exist in nature. Low-molecular weight compounds may include compound libraries 
synthesized by combinatorial chemistry. 
35 An example of reacting cells with a test substance is adding a test substance to a 

medium in which the cells are being cultured. When the test substance is a nucleic acid, 



16 



standard gene transfer techniques including the method of coating the test substance with a lipid 
molecule such as liposome, or salt such as calcium phosphate, and then introducing it into cells 
via phagocytosis; the method of introducing the test substance into cells using electrical 
stimulation; microinjection; and gene gun can be used. 
5 The expression of a reporter gene may be detected at the transcriptional level or 

translational level. Detection of expression at the transcriptional level may be performed by 
Northern blotting, RT-PCR, real-time PCR, and such. Primers and probes used for these 
methods can be produced by those skilled in the art by appropriately designing them from 
nucleotides of reporter genes. In addition to detection methods using specific antibodies, such 
1 0 as Western blotting, immunoprecipitation, ELISA, and RIA, detection of expression at the 

translational level can be performed by methods that fit properties of the reporter gene products. 
For fluorescent proteins such as luciferase and GFP, their fluorescence is detected, and for 
enzymes such as P-galactosidase, reaction with the substrate is detected. In the case of a 
drug-resistance marker, cells are cultured in a medium containing the drug, and their growth can 
1 5 be used as an index to detect the expression. When quantifying the expression level, any one of 
the detection methods using specific antibodies, or methods that use fluorescence with 
measurable intensity as an index are preferably used. 

In both the first and second embodiments, the expression levels of the reporter gene in 
the presence and absence of a test substance are ultimately measured, and test substances that 
20 yield a higher reporter gene expression level in their presence than in their absence are selected. 
Test substances selected herein are important candidates for substances that can promote the 
adiponectin gene expression. 

The screening methods of the present invention may be applied not only to screen for 
adiponectin expression-inducing substances, but also to search for candidate substances for 
25 pharmaceutical agents for preventing and/or treating obesity or obesity-related diseases. 

Obesity-related diseases, as repeatedly mentioned above, include metabolic diseases such as 
diabetes and insulin resistance, and heart diseases such as arteriosclerosis. 

Hypoadiponectinemia is often observed in these diseases. When hypoadiponectinemia is one of 

the factors determining the onset of these diseases, or a factor that promotes progression of a 
30 morbid state, the substances obtained from the above-mentioned screening methods are expected 

to improve hypoadiponectinemia in patients, and induce prevention, treatment, and alleviation of 

the pathology of obesity or obesity-related diseases. 

Besides the above-mentioned screening method, a convenient screening method 

includes the method of selecting test substances by using the interaction activity with a KLF9 
35 binding element such as SEQ ED NO: 5 as an index. The interaction activity can be measured 

using, for example, immunoprecipitation assays or EMS A indicated in the Examples. All prior 
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art references cited in the description are herein incorporated by reference. 
Examples 

Herein below, the present invention will be specifically described with reference to the 
5 Examples, but it is not to be construed as being limited thereto. The materials and methods 
used in the Examples are described below. 

[Materials and Methods] 

1 • Materials and general methods 
!0 3-Isoburyl-l-memylxanthine (IBMX), dexamethasone (DEX), NAC, and SP600125 

were purchased from Sigma. Other materials were all purchased from supply sources indicated 
in the cited references (Non-Patent Documents 27, 3 5 , and 3 6). DNA sequencing was 
performed on an ABI PRISM 310 Genetic Analyzer (Applied Biosystems) using the PRISM Dye 
Terminator Cycle Sequencing Kit. 

15 

2. Animals and blood sample assay 

KLF9 knockout mice have already been reported (Morita, M. et al., Mol. Cell. Biol. 23, 
2489-2500 (2003)). 1 5- Week old ob/ob mice and their wild-type C57BL/6 mice were obtained 
from Charles River Breeding Laboratories (Wilmington, MA). The mice were housed in a 
20 colony cage and kept under a twelve hour light/dark cycle. The plasma glucose level was 
determined using the Glucose B-test (Wako Pure Chemical Industries, Osaka). The Plasma 
adiponectin level was determined using the Mouse Adiponectin Radioimmunoassay (RIA) Kit 
(LINCO Research Inc.). 

25 3. cDNA library 

The cDNA library provided by A. Saltiel was used. This library was constructed by 
inserting cDNAs collected from fully differentiated 3T3-L1 adipocytes into the pGAD-GH 
GAL4 vector (Ribon, V. etal.,Moh Cell. Biol. 18, 872-879 (1998)). The library contained 
10,000,000 transformants which all comprise 1.5 to 3-kb cDNA inserts. 

30 

4. Yeast one-hybrid cloning 

Conventional methods for one-hybrid cloning in yeast, and related experimental 
manipulations were carried out according to reported procedures (Almoguera, C. et al, J. Biol. 
Chem. 277, 43866-43872 (2002)). A yeast strain derivative of YM4271 (Clontech) was 
35 constructed for one-hybrid cloning- More specifically, a DNA fragment produced by annealing 
a top strand oligonucleotide, which comprises 32 nucleotides (position -188 to position -157, Fig. 



3b, SEQ ID NO: 5) derived from the adiponectin promoter sequence shown below, to its 
complementary strand was inserted between the Xbal site (end-filled with Klenow DNA 
polymerase) and EcoRl site of the pHISi plasmid (Clontech). 

5 '-GAAGCCC AAGCTGGGTTGTACC AGGTTCCCTA-3 ' ( to P strand) 
5 YM4271 (Clontech) was transformed with the reaction product to obtain clones carrying 

a HIS3 reporter gene construct ((G4HSE) x 3 : :HIS3) that comprises an insert in which the 
annealed fragments form a trimer. 

For one-hybrid screening, 1 ,660,000 primary clones were amplified, and then (32 bp) x 
3::HIS3 reporter yeast strain was transformed with DNAs prepared from an embryonic cDNA 
1 0 library. Five million yeast transformants were cultured on 1 5 mM 3-aminotriazole (SD-, His-, 
Leu+). After 4 to 8 days of growth at 30°C, 22 putative positive yeast clones were selected for 
further analysis. Two cDNAs encoded the same KLF9. 

5. Luciferase assay 

1 5 Luciferase assay was performed using cells cultured on a 12-well plate according to 

previously reported methods (Yamauchi, T. et al, Nature 423, 762-769 (2003), and Shindo, T. et 
al, Nat. Med. 8, 856-863 (2002)). Luciferase reporter plasmid (0.25 ug) and pSV-P gal (0.1 to 
0.4 ug) were simultaneously introduced together with specified amounts of expression plasmid. 
The total amount of DNA used in each transfection was adjusted to 1.5 ug/well using a control 

20 vector DNA. The level of luciferase activity in the transformants was measured using a 

standard kit (Promega). The measured values were normalized based on the (3-galactosidase 
activity. 

6. Electrophoretic mobility shift assay (EMSA) 
25 Electrophoretic mobility shift assay was performed as previously described (Almoguera, 

C. etal, J. Biol. Chem. 277, 43866-43872 (2002)). 

Nucleotide extracts were prepared from 293T cells, 3T3L1 adipocytes, or white adipose 
tissue according to a reported method (Almoguera, C. et al, J. Biol. Chem. 277, 43866-43872 
(2002)). Double-stranded oligonucleotides used for the electrophoretic mobility shift assay 
30 were prepared by annealing both strands. Labeled probes (3,000 to 10,000 cpm) and the 

nuclear extracts were mixed in a reaction solution (20 uL: 10 mM Tris-HCl (pH7.6), 50 mM KC1, 
0.05 mM EDTA, 2.5 mM MgCh, 8-5% glycerol, 1 mM dithiothreitol, 0.5 ug/mL of poly(dl-dC), 
0. 1% Triton X, and 1 mg/mL of skim milk), and incubated for 30 minutes on ice. The 
DNA-protein complexes were fractionated on a 4.6% polyacrylamide gel at 140 V for 1 hour at 
3 5 4°C. The Gel was dried and exposed using a BAS2000 filter with B AStation software (Fuji 
Photo Film). 
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When competition experiments were performed, at least a 100-fold molar excess of 
unlabeled DNAs relative to labeled DNAs were added to the above-mentioned reaction solution 
before adding the labeled probe. In the supershift experiments, gel shift reactions were carried 
out by first incubating with a polyclonal antibody (2 to 10 ug) against KLF9, KLF3, or 
5 NF-KBp65 on ice. 

7. Retrovirus production and infection 

10 7 Plat-E packaging cells (Morita, S. et al, Gene Ther. 7, 1063-1066 (2000)) were 
transiently introduced with 10 ug of mouse KLF9 using Lipofectamine PLUS (Life Technology), 
1 and after incubation for 24 hours, the supernatant ( 1 0 mL) was collected. The supernatant was 
diluted 20 times by adding 10 ug/mL of Polybrene (hexadimethrine bromide, Sigma) and then 
used to infect 3T3L1 adipocytes at an estimated multiplicity of infection of 0.3. 

8. Plasmids 

Luciferase gene constructs comprising the 1367-bp (-1367 to +35; SEQ ID NO: 4), 
527-bp (-527 to +35), 217-bp (-217 to +35), or 127-bp (-127 to +35) fragment of the adiponectin 
promoter ("pAdiponectin 1367-Luc", " P Adiponectin527-Luc", " P Adiponectin217-Luc", and 
"pAdiponectinl27-Luc", respectively) were subcloned into a pGL2-Basic Vector or 
pGL2-Promoter Vector (Promega). 

9. Expression in mammalian cells 

KLF3 or KLF9 expression vectors were constructed by ligating to the EcoRl/Not site of 
PCDNA3.1. DNA transfection into 293T or 3T3L1 adipocytes was carried out by a lipofection 
method using 'Tipofectamine PLUS" (Gibco BRL). 

10. Studies using 3T3L1 cells 

3T3L1 cells were cultured in DMEM with 10% fetal calf serum, and induction of 
differentiation into fat-producing cells was carried out according to previously reported methods 
(Yamauchi, T. et al. , Nat. Genet. 3 O, 22 1 -226 (2002)). As a simple explanation, 3T3L1 cells 
were first cultured and grown to confluence. Two days later, the medium was replaced with a 
standard differentiation-inducing medium (containing 0.5 mM IBMX, 1 uM DEX, 5 ng/mL of 
insulin, 10% FBS, 50 units/mL of P enicilIin> md 50 l A S /mL of streptomycin), and medium 
exchange was performed daily or every two days. Glucose uptake was determined by known 
methods (Yamauchi, T. et al, Nat. ^ed. 8, 1288-1295 (2002)). The cell lysate was extracted, 
and its TG content was determinea b>y known methods (Yamauchi, T. et al. , Nat. Med. 7, 
941-946 (2001)). 
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1 1 . RNA interference 

Each of the complementary single stranded RNAs were chemically synthesized and 
annealed to each other to prepare siRNAs. 3T3L1 adipocytes which reached approximately 
5 60% to 70% confluence were introduced with the siRNAs using Lipofectamine PLUS (Life 

Technology) (Yamauchi, T. et al , Nature 423, 762-769 (2003)). It was confirmed before use in 
advance that these KLF9 and KLF3 siRNA sequences were able to suppress KLF9 and KLF3 
expression, respectively, when introduced. The cells were lysed 72 and 96 hours after siRNA 
transfection, and the expression products and such were analyzed. 

10 

12. Northern blot analysis and quantitative analysis of transcripts by real-time PCR 

Total RNAs from cells or tissues were prepared using TRIzol (Gibco/BRL) according to 
the manufacturer's instructions. For Northern blot analysis, equal amounts of total RNAs from 
each group were pooled (total of 10 ug), and subjected to formalin-denatured agarose gel 
1 5 electrophoresis. After electrophoresis, the RNAs were transferred to a nylon membrane 

(Hybond N; Amersham Pharmacia Biotech). The filter was hybridized with each of the cDNA 
probes produced by labeling mouse KLF9 and mouse KLF3 cDNAs with [ 32 P] dCTP. The 
obtained bands were visualized by exposure to BAS2000 filters with BAStation software (Fuji 
Photo Film). The mRNAs were quantified by real-time PCR (Yamauchi, T. et al , Nature 423, 
762-769 (2003)). Primer sets and probes were designed using the "Primer Express 1 .5a" 
software, and were purchased from ABI (ABI Prism; Perkin-Elmer Applied Biosytems, Foster 
City, California). Relative amounts were normalized to the amount of actin transcript in the 
same cDNAs (Yamauchi, T. et al, Nature 423, 762-769 (2003)). 

1 3 . Preparation and immunoblot analysis of nuclear extracts 
Nuclear extracts were prepared according to known methods (Almoguera, C. et al, J. 

Biol. Chem. 277, 43866-43872 (2002)). Samples of nuclear proteins (30 ug) were analyzed by 
immunoblots using rabbit immunoglobulin G (IgG) against KLF9 (Zhang, D. et al, 
Endocrinology 143, 62-73 (2002)) or KLF3 (Crossley, M. et al, Mol. Cell Biol. 16, 1695-1705 
(1996)), and then horseradish peroxidase-bound mouse or rabbit IgG with an ECL kit 
(Amersham Pharmacia Biotech). 

14. Chromatin immunoprecipitation assay 
Dormant 3T3L1 adipocytes were fixed in 1% formaldehyde. The fixed chromosome 

sample was analyzed by a method in which a few changes were made to the known 
immunoprecipitation method (Shindo, T. et al, Nat. Med. 8, 856-863 (2002)). Protein A 
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(Upstate) was used to recover the precipitates. 

1 5. Measurement of antioxidant activity 

Cayman chemical antioxidant assay was used to measure the total antioxidative ability 
5 of plasma, serum, urine, stool, or cell lysate. Since water-soluble and lipid-soluble antioxidants 
cannot be separated using this protocol, the combined antioxidative activity of all ingredients 
including vitamins, proteins, lipids, glutathione, and uric acid was analyzed. The analysis was 
based on measuring the activity of the antioxidant in a sample to inhibit the oxidation of ABTS 
(2,2'-Azino-di-[3-ethylberizthiazoline sulfonate]) to ABTS R + by metmyoglobin. The amount of 
1 0 sample that induces absorbance inhibition at 750 nm depends on its concentration. The 
sample's antioxidative activity of inhibiting the ABTS oxidation was compared with the 
antioxidative activity of Trolox, a water-soluble tocopherol analog, and was quantified by 
normalization to millimolar concentrations of Trolox. 

1 5 [Example 1 ] Adiponectin mRNA level is decreased in hypertrophic 3 T3 L 1 adipocytes. 

Adiponectin mRNA level is decreased in obesity and this has been reported to act as a 
cause for the development of obesity-related insulin resistance. An objective of the present 
invention is to isolate transcription factors that cause the decrease of adiponectin expression in 
obesity. To pursue this objective, an in vitro hypertrophic adipocyte model was used, and the 
20 effect of adipocyte hypertrophy on adiponectin gene expression was analyzed. 

Interestingly, 19 days after induction of adipocyte differentiation (day 19), the 
triglyceride content of 3T3L1 adipocytes increased (Fig. la); insulin resistance such as decreased 
glucose uptake in response to insulin was observed (Fig. lb); an even higher insulin resistance 
that induces adipokines such as resistin was exhibited (Fig. lc); and adiponectin mRNA 
25 expression was found to decrease in comparison to 3T3L1 adipocytes ten days after induction of 
adipocyte differentiation (day 1 0) (Fig- lc). Similar to changes observed at the mRNA level, 
the adiponectin protein expression level was also decreased in hypertrophic adipocytes (data not 
shown). The above suggested that the decrease in the adiponectin gene expression in 
hypertrophic adipocytes was caused by a decrease at the transcriptional level. 

30 

[Example 2] A non-TNFa signal transduction pathway is involved in the decrease of adiponectin 
expression in hypertrophic adipocytes. 

The promoter analysis of the 5 '-flanking region of the adiponectin gene has previously 
identified the C/EBP transcription factor that induces adipocyte-specific expression (Schaffler, A. 
35 efa/.,Biochim. Biophys.Acta 1399, 1 87-197 (1998), and Saito, K. et al, Biol. Pharm. Bull. 22, 
1 1 58- 1 1 62 (1 999)). However the upstream factor that determines the decrease of adiponectin 
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expression in hypertrophic adipocytes observed in obesity has not been identified. Interestingly, 
the promoter activity of the region comprising -1367 to +35 of the adiponectin promoter region 
linked to a luciferase gene was higher in the small adipocytes (day 10) than in precursor 
adipocytes (day 0) or large adipocytes (day 19) (Fig. 2a), and this correlated with the adiponectin 
5 expression level. 

TNFa, which has been shown to decrease adiponectin expression, increases in 
hypertrophic adipocytes. Therefore, it seemed reasonable to predict that TNFa is the causative 
factor that decreases the adiponectin expression in hypertrophic adipocytes (Barth, N. et al, 
Diabetologia 45, 1425-1433 (2002)). 
1 0 Incubation of small adipocytes (day 1 0) with TNFa actually decreased the adiponectin 

gene promoter activity (Fig. 2b). However, neutralization of TNFa using antibodies did not 
have any effect on the decreased adiponectin gene promoter activity in hypertrophic adipocytes 
(day 1 9) (Fig. 2c). These data suggested the existence of a non-TNFa signal transduction 
pathway that causes the decrease of adiponectin expression in hypertrophic adipocytes. 

[Example 3] The adiponectin promoter is regulated through a proximal 32-bp promoter element 
in hypertrophic adipocytes. 

Functional 5' deletion analysis was performed to identify the promoter region involved 
in the nonresponsiveness of the adiponectin gene in hypertrophic adipocytes. Studies carried 
out so far have revealed that deletion of the -1367 to -217 region does not substantially affect the 
adiponectin promoter activity in day-19 3T3L1 adipocytes (Fig. 3a). In contrast, when another 
90 nucleotides were deleted in day-19 3T3L1 adipocytes, the adiponectin promoter activity 
recovered. This suggested that an essential regulatory element is included in -2 17/- 127. 

Further functional 5' deletion analysis was performed using EMS A to identify the 
element to which the transcription factor binds. Analysis of the -217/-127 promoter region 
using EMS A showed that a major complex binds to this element in greater numbers in day- 10 
3T3L1 adipocytes than in day- 1 9 3T3L1 adipocytes (Fig. 3b). Deletion of the -217 to -1 89 
region did not substantially affect the amount of binding protein in the nuclear extract derived 
from day- 10 3T3L1 adipocytes (Fig- 3b). In contrast, when another 32 nucleotides were 
deleted, the amount of binding protein in day-10 3T3L1 adipocytes remarkably decreased (Fig. 
3b), and this suggested that -188/- 1 57 includes an essential binding element. Importantly, the 
amount of a major complex that bound to the 32-bp element (-18 8/- 15 7) was less in the obese 
model ob/ob mice and in day-1 9 3T3L1 adipocytes than in the lean control C57B6 mice and 
day-10 3T3L1 adipocytes (Fig. 3c). 

This element was incorporated into a promoter system and a functional analysis was 
carried out to examine the enhancer properties of this promoter region in detail (Fig. 3d). The 



presence of this -188/-157 element increased the basal transcriptional activity five times in 
day-10 3T3L1 adipocytes when compared with only the control pGL-2-tk-Luc vector, but in 
day- 19 cells, a similar increase was not observed (Fig. 3d). 



5 [Example 4] Yeast one-hybrid cloning of the 32-bp element-binding protein 

The yeast one-hybrid cloning approach was used to isolate a trans-factor that 
downregulates the adiponectin gene promoter in hypertrophic adipocytes (Almoguera, C. et al, J. 
Biol. Chem. 277, 43866-43872 (2002)). The 32-bp element was used as a bait. This sequence 
was trimerized, incorporated into the upstream of the HIS3 reporter gene, and then introduced 
1 0 into yeast cells to produce (32bp) x 3 : :HIS3 reporter yeast strain. 

Twenty-two positive colonies were obtained. Different groups are included in these 
clones. They were separated into two groups according to their nucleotide and putative amino 
acid sequences. In one group, ten independent cDNA isolates and two independent cDNA 
isolates encode transcription factors that belong to the Kruppel-like transcription factor (KLF) 
1 5 family (Shindo, T. et al, Nat. Med. 8, 856-863 (2002), and Morita, M. et al. , Mol. Cell. Biol. 23, 
2489-2500 (2003)), Kruppel-like factors 3 and 9, respectively. The other group consisted of 
four independent cDNA isolates encoding a transcription factor, NF-icBp65 (Suzawa, M. et al. , 
Nat. Cell Biol. 5, 224-230 (2003)). 

20 [Example 5] EMSA showed that the 32-bp binding complex comprises KLF9 in vitro and in 
vivo. 

EMSA supershift experiments were performed using specific antibodies that recognize 
KLF3, KLF9, or NF-kB p 65 to further identify nuclear factors that bind to the 32 bp element. 
These studies found that complex I in the 3T3L1 adipocytes (day 10) comprises the KLF9 
25 protein (Fig. 4a right, lanes 1 and 2). In contrast, in small adipocytes, neither KLF3 (Fig. 4b) 
nor NF-KBp65 (Fig. 4a right, lanes 1 and 3) was detected in vitro. In the control EMSA, 
specificity of the KLF9 antibody was confirmed by using nuclear extracts of 293 T cells with a 
labeled KLF9 consensus region as a probe (Fig. 4c). The function of a KLF3 antibody (Fig. 4b 
left) or NF-KBp65 antibody (Fig. 4a left) was confirmed by performing a supershift assay that 
30 uses 293 T cells expressing a nuclear extract which is a cognate protein, and a KLF3 consensus 
site or NF-kB consensus site (p65 site) as a radiolabeled probe. Importantly, the KLF9 
antibody decreased the amount of the 32-bp binding protein (Fig. 4d), and this suggested that the 
32-bp binding protein (complex) comprises KLF9 even in vivo. 

EMSA competition analysis was carried out to confirm these results. Complete 
35 competitive inhibition of complex I was found to take place with an excess amount of BTE, a 
KLF consensus sequence (data not shown). In contrast, the NF-kB consensus sequence was 
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clearly not effective (data not shown). 

Chromosome immunoprecipitation assay was performed to further confirm these 
findings. KLF9 was found, to actually bind to the endogenous adiponectin promoter region 
comprising the 32-bp site (Fig. 4e). Furthermore, purified KLF9 also showed nearly the same 
5 inhibition of the 32-bp fragment as that by a nuclear extract prepared from adipocytes or adipose 
tissue (Fig. 4f). 

[Example 6] KLF9 expression increased as adipocytes differentiated, but decreased with the 
hypertrophy of adipocytes. 

10 Next, expression of KLF3 and KLF9 during adipocyte differentiation and adipocyte 

hypertrophy was investigated. KLF9 expression increased during adipocyte differentiation, but 
decreased during adipocyte hypertrophy (Fig. 5a, bottom). In contrast, the KLF3 expression 
level decreased during both the differentiation and hypertrophy of adipocytes (Fig. 5a, top). 
Furthermore, the mRNA level (Fig. 5a) and protein level (Fib. 5b) of KLF9 were higher in the 

15 lean control mice, C57BL6, than in the obese ob/ob mice. This result was predicted to correlate 
with the amount of the 32-bp binding protein, and strongly suggested the possibility that the 
KLF9 expression level can regulate the activity of the adiponectin promoter as well as the 
adiponectin expression level. 

20 [Example 7] KLF9 expression increased the activities of the enhancer and adiponectin promoter, 
the 32-bp binding protein level, and the adiponectin expression. 

KLF9 was transiently overexpressed in 3T3L1 adipocytes (day 19) (Figs. 6a-c) or 
3T3L1 adipocytes (day 19), using retroviruses (Figs. 6d-f) to analyze the enhancer activity, 
adiponectin promoter activity, 32-bp binding protein level, and adiponectin expression level (Fig. 
25 6). Overexpression of KLF9 in 3T3L1 adipocytes (day 19) increased the adiponectin promoter 
activity (-1367/+35) (Fig. 6a), 32-bp (-188/-157) enhancer activity (Fig. 6c right panel), and 
32-bp binding protein level (Fig. 6e). It was demonstrated that KLF9 can increase adiponectin 
promoter activity (Fig. 6a) and that the 32-bp element is highly responsive towards KLF9 (Figs. 
6c, e). 

30 Furthermore, constant overexpression of KLF9 in 3T3L1 adipocytes by a retrovirus (Fig. 

6d) increased adiponectin expression (Fig. 6f). These data suggested that overexpression of 
KLF9 in 3T3L1 adipocytes (day 1 9) can restore the 32-bp binding protein level, 32-bp enhancer 
activity, adiponectin promoter activity, and adiponectin expression to those observed in 3T3L1 
adipocytes (day 10). 



[Example 8] Suppression of KLF9 expression by siRNAs decreased the 32-bp binding protein 
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level and adiponectin expression in vitro 

Next, to study the functional importance of KLF9 on adiponectin expression, the effect 
of decreased KLF9 expression was examined. siRNA (Miyagishi, M. & Taira, K. Nat. 
Biotechnol. 20, 497-500 (2002)) was used as a method for suppressing KLF9 expression. 
Suppression of KLF9 expression by siRNAs (Fig. 7a) did not have a large effect on KLF3 
expression (Fig. 7a). On the other hand, suppression of KLF9 expression significantly 
decreased the expression level of the 32-bp binding protein (Fig. 7b), and at the same time, 
drastically decreased the adiponectin expression in 3T3L1 adipocytes (day 10) (Fig. 7a). These 
data show that KLF9 is necessary for the formation of the 32-bp enhancer-binding protein 
complex and the adiponectin expression. 

[Example 9] Disruption of KLF9 expression by gene targeting decreased the 32-bp binding 
protein level and the plasma adiponectin level in vivo 

Next, to study the functional relationship between adiponectin expression and KLF9 in 
vivo, the phenotypes of KLF9 knockout mice were analyzed (Fig. 8a) (Morita, M. et al, Mol. 
Cell. Biol. 23, 2489-2500 (2003)). Interestingly, the 32-bp binding protein was not detected in 
the nuclear extract derived from KLF9 knockout mice "WAT" (Fig. 8b). Importantly, despite 
that the weight of KLF9 knockout mice was lower than that of the control wildtype littermates, 
the plasma adiponectin level in KLF9 knockout mice was lower than that of the control wildtype 
littermates (Fig. c). In contrast, no difference in the plasma adiponectin level was observed 
between KLF3 knockout mice and their control wildtype littermates (data not shown). These 
data suggested that KLF9 plays an important role in the regulation of the adiponectin level in 
vivo. 

[Example 10] Adipocyte hypertrophy is a regulation mechanism of KLF9 expression in 
adipocytes 

Next, whether adipocyte hypertrophy is a regulation mechanism of KLF9 expression in 
adipocytes was analyzed. KLF9 expression has been reported to be induced by thyroid 
hormones which are known to be involved in energy consumption (Morita, M. et al, Mol. Cell. 
Biol. 23, 2489-2500 (2003)). Therefore, expression of the thyroid hormone receptor a was first 
examined in vitro and in vivo. Interestingly, expression level of the thyroid hormone receptor a 
was lower in 3T3L1 large adipocytes (day 19) than in 3T3L1 small adipocytes (day 10), and 
lower in obese mouse model ob/ob mice than in lean control mice C57BL6 (Figs. 9a, b). 
Furthermore, incubation of thyroid hormone with 3T3L1 adipocytes (day 19) led to an increase 
in KLF9 expression (Fig. 9c). 

The KLF9 promoter is reported to comprise an AP-1 site (Chen, A. et al, Mol. Cell. 
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Biol. 20, 2818-2826 (2000)); thus, it is hypothesized that oxidative stress may be involved in the 
KLF9 expression regulation by adipocyte hypertrophy. Interestingly, an inhibitor of c-jun 
N-terminal kinase (JNK)/stress-activated protein kinase (SAPK) together with antioxidative 
N-acetyl cysteine (NAC) increased the expression of adiponectin (Fig. 9e) as well as that of 
5 KLF9 (Fig 9d). Such increase in expression did not involve thyroid hormone receptor a (data 
not shown). These data suggest a possibility that the upstream mechanism for increasing KLF9 
expression partly comprises at least two pathways (one is the thyroid hormone receptor (TR) a 
signal transduction pathway, and the other is unrelated to TRa expression, but depends on 
oxidative stress). 

0 To further confirm the above-mentioned hypothesis, the change in oxidative stress 

during adipocyte hypertrophy was measured. Genomic DNAs extracted from 3T3L1 cells (day 
10 and day 18) were degraded, and the amount of 8-OHdG (oxidized form of dG) in the 
degradation products of genomic DNA was measured by ELISA using a specific antibody. The 
amount of 8-OHdG increased along with differentiation (Fig. 1 0). The change of antioxidative 

> activity that accompanies adipocyte hypertrophy was examined to analyze the cause of the 
hypertrophy-accompanying increase in 8-OHdG. Antioxidative activity was detected as the 
activity of metmyoglobin to prevent formation of ABIT radicals in 3T3L1 cell lysates (day 10 
and day 1 8). Antioxidative activity was shown to decrease following adipocyte hypertrophy 
(Fig. 11). 

Industrial Ap plicability 

Molecular characterization of KLF9 is expected to promote understanding of the 
molecular mechanism of adiponectin/Acrp30 downregulation in obesity and obesity-related 
diseases such as diabetes and atherosclerosis, as well as design of novel antidiabetic and 
antiatherosclerotic agents whose molecular target is KLF9. 



